The petal epidermis and petal anatomy of 11 taxa of Onosma L. were studied using light and scanning electron microscopy. Differences in epidermal patterns were observed on the dorsal surface. Domed epidermal cells and non-papillae epidermal cells were seen on the petal surface. Papillae types were lithops, cone-like, finger-like or skittle-cell type. Areolate and rugose types were observed on the non-papillae surface. Principal anatomical structures of petals were similar. Micromorphological features on dorsal surfaces of petals could be useful for species-level diagnosis along with other selected morphological and micromorphological features.
Introduction
The genus Onosma L. (Boraginaceae) is represented by more than 100 taxa (97 species) in Turkey (Riedl, 1978; Davis et al., 1988; Riedl et al., 2004; Binzet and Orcan, 2007) . This genus is important in the Flora of Turkey because of its large number of species and endemism. Some Onosma species are used as vegetables, folk medicines and dyes. The flowers of some species are eaten as vegetables. Onosma species are grown in garden as ornamental plants because of their beautiful flowers (Oztürk and Ozçelik, 1991) . There have been anatomical studies Engin, 2001, 2005; Akçin, 2004) , karyological studies (Teppner, 1981 (Teppner, , 1988 , micromorphological studies (Akçin, 2007; Binzet and Akçin, 2009) , and chemical studies (Khajuria and Jain, 1993; Ozgen et al., 2004) of many Onosma species. General corolla structures of O. isauricum Boiss. & Heldr. and O. stenolobum Hausskn. ex H. Riedl were studied with other anatomical features (Akçin and Engin, 2001 ).
Petal morphology has major taxonomic importance in Onosma. Corolla colour, shape and size are used as taxonomic characters in this genus (Riedl, 1978) . However, detailed observations of the micromorphology and anatomy of petals of Onosma species are lacking. The use of scanning electron microscopy (SEM) has greatly increased the knowledge of surface features of some vegetative and reproductive organs and has provided valuable taxonomic information (Barthlott, 1984; Stace, 1984; Özcan, 2002) . According to Riedl (1978) most of the Turkish representatives of Onosma are poorlydefined and require additional characters for proper identification. In the present study, the anatomical and micromorphological features of petals were studied to provide more detailed information for 11 Onosma taxa.
Materials and Methods
Plant specimens of 11 Onosma taxa were collected from north Anatolia, Turkey during 1997-2000 (Table 1 ). Voucher specimens are kept at Ordu University Herbarium. Samples for anatomical studies were fixed in 70% alcohol. Cross and surface sections of petals were excised by hand and they were covered with glycerin-gelatin (Vardar, 1987) . Their photographs were taken with Nikon FDX-35 microscope. All measurements and observations were made using imaging software (NIS-Elements, Version 3.00 SP5). Epidermal terminology of petals was used as in Reule (1937) , Stearn (1973) and Metcalfe and Chalk (1979) . For SEM, dried corolla samples were mounted on stubs using doublesided adhesive tape. Samples were coated with 12.5-15 nm of gold. Coated leaves were examined and photographed with a JMS-6400 Scanning Electron Microscope. 
Results
Morphological characteristics of the epidermal cells in abaxial surface of Onosma such as size, shape and pattern of anticlinal walls are studied. The epidermal cells of Onosma as seen under light micropcope are similar and usually polygonal, isodiametricpolygonal or polygonal-rectangular ( Table 2 ). The pattern of anticlinal cells are straight to curved in all studied species. On dorsal surface, sizes of epidermis cells vary in the range 15-175 × 10-67.5 µm ( Micromorphological properties of petal surfaces show some variations (Tables 2 &  3) . Domed epidermal cells and non-papillae epidermal cells are seen on the surface of petals. Surface patterns are generally papillae type in studied species (16) (17) (18) (19) (20) (21) (22) . Papillae types are lithops, cone-like, finger-like or skittle-cell type (Table 3) . Only in O. bourgaei, surface pattern is ribbed-rugose type; here ribbed-rugose structures are interconnected with each other (Fig. 15) . These structures are generally arranged flexuous or longitudinally and latitudinally. There are a few papillae on the abaxial surface of O. ambigens (Fig. 12) . In O. armenum, in contrast, the whole abaxial surface is covered by papillae. Domed epidermal cells are seen on the surface. Cell generally has a small, apically rounded papilla or smooth dome. Apical parts of papillae are generally slanted. There are also simple or porrect-stellate trichomes with ornamental walls on the epidermal cells (Fig. 13) . In O. bracteosum, there are some cavities among papillae. Here cell walls are generally elevated (Fig. 16) . In O. intertextum, apical parts of papillae are generally slanted and wider compared with the other skittle-cell types. Trichomes are in general adpressed and densely arranged (Fig. 17) . Onosma isauricum generally has domed epidermal cells, usually smooth, and uncommonly non-papillose cells (Fig. 18) . The outer periclinal walls of the epidermal cells are slightly bulged in O. roussaei (Fig.  19) . In O. sericeum, densely and adpressed trichomes are present on the surface (Fig. 20) . Papillae do not cover the whole surface in O. stenolobum. Here boundaries of cells are seen clear (Fig. 21) . The epidermal cells of O. tauricum var. tauricum contain silica (Fig.  22) . The corolla of all examined species are clavate, cylindrical or campanulate. So they are seen as a lobed ring in transverse section. The principal architecture of all species is similar. The adaxial epidermal cells are larger than abaxial epidermal cells. Both adaxial armenum; 25. O. bornmuelleri; 26. O. bourgaei; 27. O. bracteosum; 28. O. intertextum; 29. O. isauricum; 30. O. roussaei; 31. O. sericeum; 32. O. stenolobum; 33. O. tauricum var. tauricum. ad, adaxial epidermis; p, parenchyma; ab, abaxial epidermis; pa, papillae; t, trichome. (Bars: Figs 23, 27 = 20 µm; Figs 26, 30 = 30 µm; Figs 24, 29, 31 = 35 µm; Figs 25, 33 = 40 µm; Figs 28, 32 = 45 µm) .
Discussion
Petal morphology and micromorphology are distinctive features in taxa diagnosis (Metcalfe and Chalk, 1979; Özcan, 2002) . The present micromorphological and anatomical studies on petals of some selected Onosma species provide more detailed information on these species. It appeared from the study that the morphological features of the petal epidermis under light microscope are constant with no apparent difference among the studied taxa. The pattern of anticlinal cells were straight to curved in all studied species. Nonetheless, some differences were seen in number of parenchymatic cell layers. Akçin and Engin (2001) studied anatomical structure of petals in O. isuricum and O. stenolobum. They reported that epidermal cells are covered with a cuticle layer with undulation. According to this study, epidermis cells in abaxial side were generally papillose, supporting the report of Metcalfe and Chalk (1979) . The present study further support these findings.
Micromorphological characters of petal surface, on the other hand, showed some variations in studied Onosma taxa. Papillae type was determined as a main type according to the ornamentation of the petal surface. Same surface type was seen in more than one species, but there was more or less difference in every species. The presence of crystals in Boraginaceae is an important feature (Metcalfe and Chalk, 1979) . Azizian et al., (2000) reported that crystal (calcium carbonate) present in two forms in Onosma species: a) deposited in cell wall of hairs, and b) located in the base of large hairs. Crystals were clearly seen in the bases of trichomes in O. bracteosum and O. roussaei.
According to the present study, micromorphological features of the dorsal surface of petal are important characters and can provide useful information on species-level diagnosis along with other selected morphological and micromorphological features.
